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Abstract
We present the results of our investigation, using a Chandra X-ray observation, into the stellar population of
the massive star formation region G5.89-0.39, and its potential connection to the coincident TeV gamma-ray
source HESSJ1800-240B. G5.89-0.39 comprises two separate HII regions G5.89-0.39A and G5.89-0.39B (an
ultra-compact HII region). We identified 159 individual X-ray point sources in our observation using the
source detection algorithm wavdetect. 35 X-ray sources are associated with the HII complex G5.89-0.39.
The 35 X-ray sources represent an average unabsorbed luminosity (0.3-10 keV) of ∼ 1030.5 erg/s, typical of
B7-B5 type stars. The potential ionising source of G5.89-0.39B known as Feldt’s star is possibly identified in
our observation with an unabsorbed X-ray luminosity suggestive of a B7-B5 star. The stacked energy spectra
of these sources is well-fitted with a single thermal plasma APEC model with kT∼5 keV, and column density
NH = 2.6 × 1022 cm−2 (AV ∼ 10). The residual (source-subtracted) X-ray emission towards G5.89-0.39A
and B is about 30% and 25% larger than their respective stacked source luminosities. Assuming this residual
emission is from unresolved stellar sources, the total B-type-equivalent stellar content in G5.89-0.39A and
B would be 75 stars, consistent with an earlier estimate of the total stellar mass of hot stars in G5.89-0.39.
We have also looked at the variability of the 35 X-ray sources in G5.89-0.39. Ten of these sources are flagged
as being variable. Further studies are needed to determine the exact causes of the variability, however the
variability could point towards pre-main sequence stars. Such a stellar population could provide sufficient
kinetic energy to account for a part of the GeV to TeV gamma-ray emission in the source HESSJ1800-
240B. However, future arc-minute angular resolution gamma-ray imaging will be needed to disentangle the
potential gamma-ray components powered by G5.89-0.39 from those powered by the W28 SNR.
1. Introduction
The massive star formation region (SFR) and HII
complex G5.89-0.39 is one of the best examples of
a growing subset of galactic TeV (1012 eV) gamma-
ray sources coincident with the molecular gas as-
sociated with SFRs (e.g. Aharonian et al., 2007;
Chaves et al., 2008; Ohm et al., 2010; Eger et al.,
2011; Aleksic´ et al., 2014a,b). G5.89-0.39 is com-
prised of two star forming regions and is located
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∼ 1◦ south of the mature (> 104 yr old) mixed-
morphology supernova remnant (SNR) W28.
The TeV gamma-ray emission, peaking in the
vicinity of the densest molecular gas of G5.89-
0.39, indicates the presence of non-thermal multi-
TeV protons (i.e. cosmic-rays) and/or electrons.
The close spatial match between the GeV to
TeV gamma-ray emission and the molecular gas
of G5.89-0.39 plus the continuous spectrum from
100 MeV to about 10 TeV (Aharonian et al., 2008;
Nolan et al., 2012; Hanabata et al., 2014) im-
plies a cosmic-ray origin for the gamma-rays. The
favoured scenario is that cosmic-rays accelerated
and confined within the W28 SNR bubble eventu-
ally escape to collide with the surrounding gas. The
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GeV to TeV gamma-ray spectral shapes observed in
HESSJ1800-240B and adjacent TeV sources such
as HESSJ1800-240A and HESSJ1801-233 seem to
fit well with the energy dependent diffusion of the
particles to the gas clouds (e.g. Gabici et al., 2010;
Fujita et al., 2009; Li & Chen, 2010; Nava & Gabici,
2013) from W28.
SFRs themselves have also been suggested as
sites of particle acceleration. The shocks gener-
ated by proto-stellar jets interacting with the inter-
stellar medium (ISM), the winds of massive stars,
wind-wind collisions in binary systems, and the col-
lective effects of winds in clusters have long-been
put forward as potential ways to accelerate par-
ticles from GeV to multi-TeV energies (see e.g.
Voelk & Forman, 1982; Cesarsky & Montmerle,
1983; Eichler & Usov, 1993; Domingo-Santamar´ıa &
Torres, 2006; Bednarek, 2007; Reimer et al., 2007;
Araudo et al., 2007; Bosch-Ramon et al., 2010;
Araudo & del Valle, 2014). Some of these ideas have
been motivated by the non-thermal radio emission
(tracing GeV electrons) associated with the proto-
stellar/ISM interaction region in several systems,
but also by the obvious fact that massive stars pro-
vide a significant amount of stellar wind kinetic en-
ergy.
Prior X-ray studies have revealed high plasma
temperatures and/or high energy particle accelera-
tion confirming the role of stellar winds and out-
flows as significant sources of energy. Townsley
et al. (2003) and Oskinova et al. (2010) summarise
a number of massive SFRs exhibiting diffuse X-ray
emission. Anderson et al. (2011) attributed hard
thermal X-ray emission to the collision of stellar
winds in binary stars or star clusters. In such cases
the shocks created by the colliding stellar winds can
heat thermal plasma leading to high temperatures
(e.g. Ozernoy et al., 1997; Canto´ et al., 2000). The
soft diffuse X-ray emission observed from the HII
regions W49A GX (Tsujimoto et al., 2006), M17
and the Rosette Nebula (Townsley et al., 2003) have
been interpreted using the so-called wind blown
bubble model (Townsley et al., 2003; Chu et al.,
2003; Wrigge et al., 2005). For M17 and the Rosette
Nebula, their soft diffuse luminosities, which are
driven by several O-type stars are between 10 to
50% of their total point source X-ray luminosities
(Townsley et al., 2003). Wind-blown bubbles form
due to strong stellar winds from massive stars col-
liding with the surrounding ionised gas in the HII
region (Capriotti & Kozminski, 2001), which then
subsequently create a shock front. Pravdo et al.
(2009) summarise a number of protostellar outflows
exhibiting thermal X-ray emission. Evidence for
non-thermal X-ray emission has so far been seen
in three massive stellar clusters (Muno et al., 2006;
Oskinova et al., 2010; Krivonos et al., 2013) and
in a protostellar/jet ISM interaction region (Lo´pez-
Santiago et al., 2013).
G5.89-0.39 harbours two distinct HII regions,
G5.89-0.39A and B, with the B component known
to be an ultra-compact HII region. Distance es-
timates for G5.89-0.39, from studies on the ionis-
ing source of G5.89-0.39B, Feldt’s star (Feldt et al.,
2003, Section 3.4), appear to be consistent with
that of W28, at d ∼2 kpc, although maser paral-
lax measurements have suggested differing values
(d ∼ 1.28+0.09−0.08 kpc and d ∼ 2.99+0.19−0.17 kpc from Mo-
togi et al. (2011) and Sato et al. (2014), respec-
tively).
The source of ionisation in G5.89-0.39B is be-
lieved to be a single star - Feldt’s star (Feldt
et al., 2003), although a multiple stellar system
has been discussed. Feldt’s star has a temperature
∼ 40, 000K and mass > 200M, indicating a possi-
ble O5 or earlier spectral type (Feldt et al., 2003;
Puga et al., 2006). G5.89-0.39 has been intensely
studied, with much of the focus on the energetic
outflows associated with G5.89-0.39B (e.g. Harvey
& Forveille, 1988; Churchwell et al., 1990; Acord
et al., 1997; Kim & Koo, 2003; Sollins et al., 2004).
The outflows plus the suspected clusters of massive
stars in the vicinity may provide an additional high
energy particle component to that of the nearby
W28 SNR in generating the gamma-ray emission of
this region (discussed in section 4).
To ascertain this possibility, it is essential to un-
derstand the stellar content of G5.89-0.39. As is
typical for HII regions, dense molecular gas can
hamper a detailed census of the stellar content
via radio, infrared and optical observations. We
have therefore turned to X-ray observations at arc-
second resolution with the Chandra Observatory to
carry out this task.
Figure 1 (top panel) presents the VLA 90cm
(Brogan et al., 2006) image with contour over-
lays from the Mopra radio telescope of NH3(1, 1)
(Nicholas et al., 2011) and H.E.S.S TeV gamma-ray
(Aharonian et al., 2008) observations of the W28
region including G5.89-0.39. The bright radio shell
of W28 is clearly seen in the VLA 90cm observa-
tion. The Mopra NH3(1, 1) observations reveal the
location of dense (> 104 m−3) molecular gas, only
the strongest NH3(1, 1) contours are shown in Fig-
2
ure 1. Figure A.7 (in appendix) shows the Mopra
CS(1-0) dense gas tracer and the CH3OH-I maser
emission tracing ongoing star formation in the field
of view of our Chandra observation (from Nicholas
et al., 2012) for comparison with Figure 1. Ear-
lier studies (Aharonian et al., 2008) showed that all
of the TeV gamma-ray sources are spatially coinci-
dent with CO(1-0) emission, tracing the moderately
dense (101−2 m−3) diffuse molecular gas.
One of the two brightest such gamma-ray sources,
HESSJ1800-240B, clearly overlaps G5.89-0.39. De-
spite the proximity of G5.89-0.39 to W28, 14 pc
(∼ 0.4◦) south of the edge of W28, the W28
shock is not suspected to be influencing G5.89-
0.39 as revealed by the molecular gas dynamics
studies of Nicholas et al. (2011, 2012). The other
bright source to the north east, HESSJ1801-233,
is associated with the shocked molecular cloud re-
gion of W28 whilst HESSJ1800-240A to the west
encompasses two other HII regions G6.1-0.6 and
6.225-0.569 which are also likely associated with
same molecular cloud complex harbouring G5.89-
0.39 (Nicholas et al., 2011).
The bottom panel of Figure 1 presents an im-
age of the Spitzer GLIMPSE 8µm (red) and 3.6µm
(green) observations towards G5.89-0.39. The FoV
of our Chandra observations are indicated by the
dashed white boxes and labelled according to their
Chandra ACIS-I CCD ID numbers. Based on the
8µm observations, we have estimated the diameters
of G5.89-0.39A and B at 75′′ and 45′′ respectively
to delineate their approximate infrared boundaries.
The 3.6µm observation shows the stellar content of
G5.89-0.39 is highlighted in yellow.
We describe our Chandra observations and anal-
ysis in §2. The X-ray source detection and spectral
analysis is discussed in §3. §4 discusses our search
for unresolved point sources. §5 looks at the in-
ferred energetics of G5.89-0.39 and possible connec-
tions to HESSJ1800-240B. The overall conclusions
are given in §6.
2. X-Ray Observations, Data Reduction, &
Source Detection
2.1. Chandra Observation
Our Chandra X-ray Observatory (Weisskopf,
2002) observation (Obs ID 10997; July 20-21, 2010
of ∼ 78.8ks duration) employed the ACIS instru-
ment (Garmire et al., 2003) I-array CCDs in Timed
Exposure Faint telemetry mode. The bore-sight
of our observation was positioned so that the four
CCDs arranged in a square (CCD IDs 0, 1, 2, &
3) adequately covered the HII complex G5.89-0.39.
The 2 CCDs in the S array (CCD IDs 6, & 7)
were also included. Over 200 X-ray sources across
the FoV were identified in a preliminary analysis of
our observation with some sources clearly clustering
around G5.89-0.39 (Rowell et al., 2010).
2.2. Data Reduction
The Chandra observation of G5.89-0.39 was re-
duced using the data reduction tools in CIAOv4.4
(Fruscione et al., 2006). We have followed the rec-
ommended data reduction processes, starting with
the pre-analysis step repro. Repro corrects for
dithering in order to retain the sub pixel resolution
of a Chandra observation and creates an event=2
fits file for analysis.
We employed the use of four energy bands for
our study; a full energy band of 0.3-10 keV, and
three narrow bands of 0.3-2.5 keV (soft), 2.5-5 keV
(medium), and 5-10 keV (hard). The narrow bands
were chosen to separate X-ray emission heavily ab-
sorbed by photoelectric absorption (the hard band)
due to the expected high column density of HII re-
gions, and provide an unbiased census of soft and
hard sources in the FoV. A more restricted energy
band of 0.1-2 keV is also processed for comparisons
with ROSAT flux and luminosities of X-ray sources.
Each energy band image was processed individ-
ually to eliminate flares using the deflare com-
mand in CIAOv4.4. This process uses a clipping
where any events outside of 3σ are taken out of the
observation. Following this step, the images repre-
sent: 78.2 ks, 78.2 ks, 78.8 ks, and 78.2 ks, for the
full, hard, medium and soft bands respectively. We
have also used deflare on the original event=2 im-
age ahead of our spectral analysis discussed in §3.2.
For each energy band image a PSF (point spread
function) map and an exposure map were created
for source detection and spectral analysis.
2.3. X-ray Source Detection
We employed wavdetect, a source detection al-
gorithm, to identify possible X-ray sources in our
Chandra observation. wavdetect is ideal for de-
tecting closely-spaced point sources and small-scale
extended diffuse emission. Preliminary analysis
with source detection algorithms within CIAOv4.4
determined that wavdetect was able to identify
a third more X-ray sources in the closely packed
3
Figure 1: Top - 90cm VLA Radio observation of W28 (red), Mopra NH3(1, 1) dense gas observation (velocity
integrated between 20-50 km/s – yellow contours), H.E.S.S > 0.4 TeV (white contours) with TeV sources
labelled. Green dashed lines indicate the field of view (FoV) of the Chandra ACIS-I CCDs, labelled by
ID number. The HII complex G5.89-0.39 towards HESSJ1800-240B, is positioned in CCD 2 with the
conventional HII region, G5.89-0.39A, and the UC HII region, G5.89-0.39B, shown by the white arrows.
Bottom - Zoom-in of the Spitzer 8µm emission showing the ionised gas surrounding G5.89-0.39. The stellar
content is highlighted by the 3.6µm (green) emission in the HII complex as yellow points. White dashed
lines indicate the FoV of the Chandra ACIS-I CCDs. Also indicated are locations of the additional HII
regions 6.225-0.569 and G6.1-0.6 towards HESSJ1800-240A.
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HII complex over the other often-used algorithm,
celldetect.
Values are extracted in two steps by wavdetect for
possible X-ray sources:
1. The algorithm detects probable source pixels
within the image and correlates them with a
Mexican hat wavelet of different scale sizes,
1, 2, 4, 8, and 16 pixels. The detection sig-
nificance value was set to 4.7σ above back-
ground fluctuations, which is equivalent to a
10−6 chance probability.
2. A Table of information listing each source and
the information extracted for each source, such
as position, net photon counts, net photon
count rate, significance, and PSF ratio (intrin-
sic radius of the source in PSF units) is gener-
ated.
Source detections were performed on all four of
our energy bands resulting in 268 individual source
detections made by wavdetect. Running the source
detection on each energy band individually allowed
for comparisons between them to identify the same
source in multiple bands. We then compiled the
source detections from each energy band to make
a single master list of sources with the appropri-
ate values from each energy band where a source is
identified in multiple energy bands. We employed a
spatial error of 1” to 2”, depending on local PSF, for
the position of a source when compiling the master
list.
Our analysis is based on the assumption that an
X-ray point source is more likely to be stellar in
origin if the spectral emission is across multiple en-
ergy bands. For this reason our first condition for
a source to enter our final list is that it must be de-
tected in at least two of our four energy bands. The
second condition looks at the net photon counts and
requires that a source must have at least 10 net pho-
ton counts in one of the energy bands it is detected
in. This net photon count cut is on top of the 4.7σ
threshold placed on the source detection algorithm
and is to remove the weakest of sources from our fi-
nal list. The final condition we employ is to remove
sources that are too close to the edge (< 5 pixels)
of the CCDs or near any discrepancies in the obser-
vation. A discrepancy is particularly prominent in
CCD 2 where several rows of pixels are less sensitive
than the rows around them.
A total of 159 X-ray sources are in our final list.
158 out of the 159 X-ray sources are detected in the
Figure 3: Distribution of the parameter PS-
FRATIO from the wavdetect algorithm for the 159
final X-ray sources.
full energy band. Source labelled #159 was iden-
tified in the soft and medium energy band images
only. Overall, ∼ 70% of sources are identified in
the soft energy band, ∼ 58% of sources are iden-
tified in the medium energy band, and ∼ 15% of
sources are identified in the hard energy band. The
complete catalogue of 159 sources is listed in Ap-
pendix E and Figure 2 shows a composite image of
the three narrow energy band images with the 159
sources indicated by white circles/ellipses. A num-
ber of sources were found towards G5.89-0.39 and
the changing sizes of the source regions highlight
the varying PSF across the FoV. Our choice of the
size of the radius of each HII region is discussed in
§3.1.
Our study of stellar sources also requires that our
sources are point-like. To characterise the intrin-
sic spatial extent of the 159 sources, we considered
the distribution of the parameter PSFRATIO pro-
duced by wavdetect 1. Figure 3 shows the bulk
of the PSFRATIO values are between 0.5 and 1.2
suggesting the sources can be as considered point-
like. Source #138, with the highest PSFRATIO of
1.44, is located in CCD 0 outside the boundaries of
G5.89-0.39A and B and has a single infrared coun-
terpart (see Table. B.7), hence we consider it also
point-like.
We have used the 2MASS point source cata-
1See http://cxc.harvard.edu/ciao/download/doc/
detect_manual/wav_ref.html
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Figure 2: Chandra ACIS-I photon events (counts/pixel/cm2/s) in our three energy bands, soft (0.3-2.5 keV)
in red, medium (2.5-5 keV) in green and hard (5-10 keV) in blue. White circles indicate some of the 159
identified X-ray sources. Dashed green circles indicate the two HII regions G5.89-0.39A and B. The top
panel shows the entire FoV of our observation. The bottom panel shows a zoom in on the HII complex
G5.89-0.39. The numbered sources are the brightest of the sources detected in our observation. The yellow
line indicates the possible molecular outflow from Feldt’s star (Feldt et al., 2003), which we believe is source
#10 (see §3.4). 6
logue and SIMBAD database to identify any pos-
sible counterparts in other wavelengths of our 159
X-ray sources. Using a search radius of 1 ∗PSF for
each source we have identified 100 possible coun-
terparts for 90 of our X-ray sources, Tables B.7
and B.8. Source #10 in our X-ray observation is
a possible X-ray counterpart to Feldt’s star (Feldt
et al., 2003) which is discussed in more detail in
§3.4. Source #62 overlaps the sub-millimeter con-
tinuum and line emission ring imaged by Hunter
et al. (2008) that is possibly blown out by Feldt’s
star.
The uncertainty of the matches is considered in
two distinct groupings of sources; The 35 sources
associated with G5.89-0.39, which this work con-
centrates on, and the entire source catalogue of
159 sources. Following the method of White et al.
(1991) we have calculated the by-chance coinci-
dences with the 2MASS catalogue by shifting the
right ascension (RA) of all identified X-ray sources
in our observation by ±10′′ and ±20′′, to test a
range of shifts, and searching each time in the
2MASS catalogue for matches to these shifted set
of X-ray sources with the same spatial distribu-
tion of our X-ray sources. Table 1 presents the
results of searching for shifted-source matches us-
ing 1*PSF and 2*PSF search radii. We found an
11% false-match rate for sources in G5.89-0.39 and
34% false-match rate for the entire FoV with our
1*PSF search radius.
3. The Stellar Population of G5.89-0.39
3.1. X-ray sources towards G5.89-0.39
Table 3 lists the X-ray sources detected from the
two distinct HII regions within G5.89-0.39. Each
source is associated with a HII region if its posi-
tion is within the boundaries of one of the regions
based on the Spitzer 8µm emission, see Table 2.
We have calculated the observed and unabsorbed
(see §3.3) luminosities, using a distance of 2 kpc,
for each source in the 0.3-10 keV energy band as
well as listing the 0.1-2 keV luminosities for com-
parison with ROSAT derived luminosities. The ob-
served X-ray luminosity, photon flux, and energy
flux between 0.3 and 10 keV for each source was
calculated via the CIAO task eff2evt. The energy
flux was generated by summing over the event by
event energy flux within each source and then con-
verted to a luminosity assuming a distance of 2 kpc.
This removed the need to assume a model spectrum
and thus associated biases attached to such models.
Table 3 also lists the source number and RA/Dec
position for each source in G5.89-0.39.
For each source we determined its likelihood of
being variable in the X-ray flux. This was to de-
termine if we have any flaring pre-main sequence
(PMS) stars. To do this we used the CIAO com-
mand glvary2 using a Gregory-Loredi variability
algorithm to determine if there is a time variabil-
ity in the sources of G5.89-0.39. Of the 35 X-ray
sources identified within G5.89-0.39 10 sources are
considered to be variable. The three sources #13,
#15, and #49 have less than 15 net counts in our
X-ray energy band across the whole observation so
their variability is not certain. The sources #43,
#44, #57, and #73 have between 25 and 30 net
counts in our X-ray energy band over the entire ob-
servation. The three sources #8, #56, and #68
have the highest net counts, ∼ 80, ∼ 45, ∼ 39
respectively. The light curves of these brightest
sources show strong spikes of variable flux over the
time of the observation. The seven sources with
more than 15 net counts show a variable flux with
time indicative of a PMS source. The remaining
three are two few counts to investigate their vari-
ability. Of the three sources we were unable to test,
only source #15 has a counterpart in the 2MASS
catalogue. Of the seven possible PMS stars two,
sources #8 and #73, have 2MASS counterparts (see
Table B.7 for counterpart IDs).
An analysis of all the X-ray sources identified
in our Chandra observation found 17% of all 159
sources were variable (variability index > 6). For
the HII complex G5.89-0.39 29% of sources are vari-
able. This shows that the sources in G5.89-0.39 are
above the average in number of variable sources.
3.2. Spectral Analysis of X-ray Sources in G5.89-
0.39
Since most sources by themselves did not meet
the minimum 10 counts per 10 energy bins for spec-
tral analysis, we stacked all X-ray sources within
G5.89-0.39 together to perform a co-stacked global
spectral analysis.
Three different spectral models were fit to the
stacked source spectra using the program XSPEC
(Arnaud, 1996). The spectra were extracted from
the original event=2 image containing all photon
2For more detailed explanation see http://cxc.harvard.
edu/csc/why/gregory_loredo.html
7
# X-ray sources # matched sources search radii -20′′,-10′′,10′′,20′′ by-chance %
G5.89-0.39
35 15 1*PSF 5,4,2,4, 11%
35 19 2*PSF 14,13,10,19 40%
entire FoV
159 97 1*PSF 54,53,53,56 34%
159 111 2*PSF 99,102,95,105 63%
Table 1: Determination of the false-match rate with 2MASS counterparts by shifting the RA positions each
X-ray source by ±10” and ±20”.
G5.89-0.39 A G5.89-0.39 B
RA (J2000) 270.174 270.132
Dec (J2000) -24.073 -24.068
Radius (arcsec) 79.5 45
Radius (pc) 0.8 0.4
# Sources 22 13
Table 2: Positions and numbers of X-ray sources
associated with the two HII regions and the bound-
ary radius of each HII region (based on Spitzer 8µm
emission) given as the radius in pc units assuming
a distance of 2 kpc.
events after using the CIAO command deflare.
Since our observations were well within the influ-
ence of the diffuse Galactic Diffuse X-ray Emission
(GDXE) (Sawada & Koyama, 2012), we did not em-
ploy the Chandra blank-sky (taken on extragalactic
fields) files but instead chose local background re-
gions in each of the ACIS-I CCDs for our spectral
analysis.
An APEC thermal plasma model, non-thermal
power-law model, and a thermal Bremsstrahlung
model were all fit in turn with a photo-electric ab-
sorption model to the stacked spectra of sources.
The photo-electric model is included to model the
line-of-sight hydrogen column density, NH (cm
−2),
towards the two HII regions. Table 4 presents the
results of fitting the three models in terms of the
fit parameters associated with each model and the
model fit statistics, χ2/degrees of freedom.
Adequate fits to the stacked spectra were
achieved by all three models as show by the χ2/dof
probabilities (∼ 10−1) listed in Table 4. Figures 4
and 5 presents the fits for each of the models with
the combined photo-electric absorption model. The
data are shown as crosses with error bars and model
fits as the solid lines. The residuals of the model
fits are presented below each graph in Figures 4 and
5.
The model parameters listed in Table 4 can also
be used to determine which model best represents
our stacked spectra. Previous studies of G5.89-0.39
and other galactic SFRs provide some guidance con-
cerning the parameters thermal temperature, abun-
dance of metals, and hydrogen column density for
our spectral analysis. The values from previous
studies are summarised in Table 5.
We note that the line-of-sight column densities
obtained for G5.89-0.39 in previous studies are in-
consistent with each other due to the beam sizes of
each survey of the area. However, studies on scales
less than an arc-minute also obtained column den-
sities over 10 times higher (∼ 1023cm−2) than those
calculated by Nicholas et al. (2012) (Hunter et al.,
2008).
Stacking the spectra from both HII regions in
G5.89-0.39 has complicated the comparison to pre-
vious studies. The parameters from our model fits
to the stacked sources (Table 4) are consistent with
the range of values obtained by previous studies
(Table 5) encompassing a variety of HII regions and
massive stellar clusters.
We also found a marginally significant, ∼ 2σ,
peak in the X-ray emission at 6.7 keV. The 6.7 keV
peak is at the position of the Fe Kα line and was
revealed by the APEC model in our stacked spec-
tra. This line is of particular interest in situations
of high energy kinematics as it has been related to
massive stars (e.g. Anderson et al., 2011), HII re-
gions (e.g. Takagi et al., 2002), and supernovae and
SNRs (e.g. Helder et al., 2012). An earlier claim
for Fe Kα emission from W28 (Rho & Borkowski,
2002), a probable nearby source of this line, has
since been attributed to the GDXE (Galactic Dif-
fuse X-Ray Emission) (Sawada & Koyama, 2012;
Zhou et al., 2014). Given the established presence
of the Kα iron in the GDXE which is in the raw
background spectra of our observation, the 6.7 keV
8
Luminosities†
Source # RA (J2000) Dec (J2000) log LR log Lf X-ray Variability Index
‡
(0.1− 2.0 kev) (0.3− 10 keV)
(degrees) (degrees) (erg s−1) (erg s−1)
4B 270.129 -24.077 30.61 31.08 2
6B 270.128 -24.071 - 31.05 0
7B 270.124 -24.069 30.40 30.46 0
8A 270.171 -24.069 31.50 31.36 8
9B 270.131 -24.068 30.69 30.77 2
10B 270.129 -24.068 29.76 31.32 1
13B 270.127 -24.062 30.11 30.55 7
15A 270.168 -24.052 30.66 30.46 6
36A 270.164 -24.092 31.07 31.31 1
43A 270.164 -24.085 30.78 31.39 6
44A 270.178 -24.085 30.97 31.76 8
46A 270.17 -24.082 30.84 31.44 0
49B 270.125 -24.077 30.28 30.23 6
50B 270.137 -24.077 30.68 30.53 2
51A 270.175 -24.077 31.36 31.97 0
53A 270.176 -24.074 31.14 31.07 0
55A 270.177 -24.072 30.87 31.54 0
56A 270.179 -24.072 30.80 31.41 7
57A 270.161 -24.071 30.84 31.55 6
58A 270.17 -24.071 31.77 31.47 0
59A 270.176 -24.071 30.72 31.20 0
60A 270.164 -24.07 30.55 31.41 2
61A 270.181 -24.068 30.85 31.66 0
62B 270.126 -24.067 30.45 31.05 2
65A 270.155 -24.065 31.78 31.06 1
66B 270.133 -24.064 30.47 30.26 1
68A 270.167 -24.064 31.00 31.64 6
69A 270.18 -24.064 30.77 31.41 1
70B 270.131 -24.063 29.85 30.51 0
73A 270.177 -24.054 30.73 31.09 6
74A 270.182 -24.054 30.54 30.28 0
106A 270.18 -24.081 30.98 31.31 0
108B 270.135 -24.075 30.47 31.33 1
109A 270.173 -24.073 30.79 31.61 1
110B 270.128 -24.073 30.30 30.56 1
Table 3: Un-absorbed luminosities for the X-ray sources associated with G5.89-0.39 assuming a distance of
2 kpc. A - Sources identified in G5.89-0.39A. B - Sources identified in G5.89-0.39B.
† - X-ray luminosities: R = ROSAT energy band (0.1-2 keV) f = full band (0.3-10.0 keV).
Average error in the luminosity is ∼ 25% based on the net photon counts for each source as reported by
wavdetect.
‡ - X-ray source variability. A variability index of 0-2 is not variable, index of 3-5 is possibly variable and a
variability index > 6 is indicative of a variable source.
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Figure 4: (a) Spectral fits to the 35 X-ray sources identified in G5.89-0.39 with a thermal APEC model; (b)
non-thermal power model. For all plots: Top panels show the spectra as crosses and the model as the solid
black line. Bottom panels show the residuals of each model fit. Continued with Fig. 5.
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Model APEC Power Law Bremsstrahlung
NH [10
22 cm−2] 2.54± 0.19 2.83± 0.26 2.42± 0.19
kT [keV] 4.52± 0.82 5.32± 1.02
Abundance [solar units] 0.34± 0.17
Photon Index [Γ] 2.15± 0.17
Normalisation [10−4] 4.82± 0.58† 2.08± 0.51‡ 1.51± 0.19∗
χ2/dof 50/47 57/48 54/48
Table 4: Spectral models for X-ray sources of the HII Complex G5.89-0.39A and B fit in the 1-10 keV band.
† - normalisation for APEC model is equivalent to 10−14/(4pi(DA)2)
∫
nenHdV cm
−5
‡ - power-law normalisation (ph keV−1 cm−2 s−1 at 1keV)
* - Bremsstrahlung normalisation is equivalent to 10−14/(4pi(DA)2) cm−5
Figure 5: Continuation of Fig. 4 (c) thermal Bremsstrahlung model. Top panel shows the spectra as crosses
and the model as the solid black line. Bottom panel shows the residuals of each model fit.
source/s kT [keV] abundance [Z] NH [1022 cm−2] reference
G5.89-0.39A 3.5 Nicholas et al. (2011)
G5.89-0.39B 2.3 Nicholas et al. (2011)
G5.89-0.39A and B ∼ 10 Hunter et al. (2008)
Class I protostar X-ray flares ∼5 Schulz et al. (2001)
UCHII Sagittarius B2 ∼6-10 Takagi et al. (2002)
UCHII W49A B-type sars ∼ 7 0.3 Tsujimoto et al. (2006)
Massive star cluster 30 Doradus 1 - 3 0.3 Townsley et al. (2006)
G5.89-0.39A and B 4.52± 0.82 0.34± 0.17 2.54± 0.19 this study
Table 5: Summary of values obtained by previous studies of G5.89-0.39 and other SFRs to compare to the
values obtained through the fitting of the stacked X-ray spectra of sources in G5.89-0.39.
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peak we detected is likely to come from the GDXE.
Figure C.8 shows the background emission from re-
gions indicated in Figure D.9 as the red points. The
background emission shows a peak around 6.7 keV
suggesting the emission to be from the GDXE and
not a localised source within the HII complex.
3.3. Un-absorbed Luminosities of G5.89-0.39 X-ray
Sources
We calculated the unabsorbed luminosity of each
source in G5.89-0.39 assuming a thermal APEC
model. Although the APEC, power-law, and
bremsstrahlung models were all equally well fit,
given the point-like nature of the X-ray sources,
we assumed them to arise from thermal stellar pro-
cesses and so used the APEC model in subsequent
calculations. We made the conversions from pho-
ton events to energy flux using the CIAO command
eff2evt and then used PIMMS with the optimised
parameters of the APEC model fit to calculate the
unabsorbed energy flux for each source.
Using a distance of 2 kpc we calculated the unab-
sorbed luminosities of each X-ray source in G5.89-
0.39 in our full energy band and the ROSAT energy
band. We include the luminosities converted to the
ROSAT energy band of 0.1-2 keV for comparison
with Berghoefer et al. (1997). We also calculated
the systematic errors in both energy bands using
the extreme combinations of the fit APEC temper-
ature and abundance values. The statistical errors
propagated from the net counts of each source are
twice that of the systematic errors, and are there-
fore the errors quoted in Table 3.
Figure 6 presents the 0.1-2 keV (grey) and 0.3-
10 keV (red) luminosity distributions for G5.89-
0.39. The mean unabsorbed luminosity (0.3-
10 keV) of the X-ray sources in G5.89-0.39A
is 2.8± 0.6× 1031 erg s−1 and G5.89-0.39B is
7.8± 1.8× 1030 erg s−1. We note the wavelet de-
tection threshold of 4.7σ corresponds to an unab-
sorbed luminosity (0.3-10 keV) of 1.2× 1030 erg s−1,
red line in Figure 6.
Due to the difference in the two HII regions com-
prising G5.89-0.39 we expect to see the observed
difference in mean luminosity. G5.89-0.39A shows
a higher luminosity distribution than G5.89-0.39B,
most likely due to the age difference between the
two regions. G5.89-0.39A is an older, more evolved
SFR with a probable greater fraction of its molecu-
lar mass converted to stars. Whereas G5.89-0.39B
is a younger SFR with probably more molecular gas
compared to the number of stars.
Figure 6: Unabsorbed luminosity distribution of X-
ray sources in G5.89-0.39. Calculated over the en-
ergy band of 0.3-10 keV using PIMMS v4.6a, (red);
Calculated over the energy band of 0.1-2 keV for
comparisons with Berghoefer et al. (1997) (grey).
Red vertical line indicates the luminosity threshold
at 4.7σ.
A comparison of our source luminosities (calcu-
lated for the ROSAT energy band) to a study by
Berghoefer et al. (1997) shows that our sources are
consistent with B-Type stars, specifically B5-B0
spectral types, giving new insight into the stellar
makeup of G5.89-0.39. Most sources appear to be
consistently B-Type however, three sources have lu-
minosities consistent with late O-type stars. These
three sources, #8, #58 and #65 all within G5.89-
0.39A and labelled in Figure 2 (bottom panel), are
the most energetic sources we have identified in
G5.89-0.39. We have found possible counterparts
for #8 and #58 from the 2MASS point source cata-
logue but no counterpart for source #65 was found.
3.4. Feldt’s Star
We identified a possible counterpart to the sus-
pected ionising source of G5.89-0.39B know as
Feldt’s star (Feldt et al., 2003). Previous studies
of Feldt’s star have been able to determine its spec-
tral type through bolometric luminosities as derived
from the spectral energy distribution (Faison et al.,
1998) or via the Lyman continuum photon bud-
get (Wood & Churchwell, 1989; Kim & Koo, 2003).
Each of the estimates of the spectral type are consis-
tent, suggesting a spectral type O6. However, each
of these estimates assumed that the source is in the
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centre of a spherical HII region and at a distance
of d = 2.6 kpc, greater than the 2 kpc we are using
for our Chandra study. The distance difference is
enough to convert the O6 type star calculated by
Faison et al. (1998); Wood & Churchwell (1989);
Kim & Koo (2003) to a B5-type star, consistent
with Feldt et al. (2003).
Ball et al. (1992) were the first to conclude that
the ionising source must be off-centre based on their
mid-infrared imaging, although the source itself had
not yet been detected. Feldt et al. (2003) was
able to observe the ionising source using the Very
Large Telescope (VLT) deriving a new distance of
d = 1.9 kpc, consistent with the distance we have
adopted, which is based on studies of W28 and the
surrounding molecular gas (Aharonian et al., 2008).
Hunter et al. (2008) revealed a ring-like structure in
sub-millimetre continuum and spectral bands con-
firming Feldt’s star position was off-centre.
Feldt’s star is still the most likely source of ioni-
sation in G5.89-0.39 despite the presence of molec-
ular outflows possibly from an undetected proto-
star. One of the molecular outflows, extending out
about 5 arc-seconds in each direction, is indicated
in Figure 2 (bottom panel) by the yellow dashed
line. The approximate orientation and positioning
is from Sollins et al. (2004); Puga et al. (2006) as we
don’t detect the outflow in our observation. This
outflow emanates from a region near Feldt’s star.
Our X-ray source #10, which is coincident with
the position of Feldt’s star, has an estimated spec-
tral type of B7-B5, based on its 0.1-2 keV lumi-
nosity comparison with Berghoefer et al. (1997).
The derived unabsorbed luminosity (0.1-2 keV) is
L = 5.74± 1.49× 1029 erg s−1.
4. Unresolved Sources in G5.89-0.39
After subtracting the stacked sources associated
with both HII regions in G5.89-0.39, we found
that some residual counts remained within the HII
boundaries using nearby regions for local back-
ground estimates (see Table 6 and Figure D.9 in-
dicating the background regions).
Unresolved point sources is a possible scenario for
this residual X-ray emission. A spectral calculation
of the luminosity of the residual X-ray emission was
not possible due to the high background to residual
counts ratio (see Table 6). Nevertheless a simplistic
estimate of the residual X-ray luminosity was made
by scaling the stacked source spectra luminosities
by the ratios of the background net counts to the
Regions G5.89-0.39A G5.89-0.39B
Stacked Sources 656±29 247±17
background 199 24
Residual Emission 855±69 304±38
background 3112 928
Table 6: Comparison of the 0.3-10 keV net counts
for the stacked resolved sources and residual emis-
sion within G5.89-0.39 A and B. The background
counts used in the net counts calculation are also
included.
stacked source counts for the A and B components
respectively (for A and B the ratios are 1.30 and
1.23). With this method, the residual luminosities
convert to about 29 and 11 B-type stellar objects
for G5.89-0.39A and B respectively.
The residual unabsorbed luminosity of
G5.89-0.39A, at 2 kpc, is 3.6× 1031 erg/s and
9.6× 1030 erg/s for G5.89-0.39B. The unabsorbed
luminosities have assumed the same APEC model
as used for the individual detected source luminosi-
ties. For G5.89-0.39A we extracted the energy flux
with eff2evt and then converted to an unabsorbed
energy flux (for a distance of 2 kpc) to obtain the
residual unabsorbed X-ray emission.
There is a possible total of 75 B-Type stellar
sources in G5.89-0.39, taking into account the resid-
ual emission. Higher column densities towards
the centres of each HII component in G5.89-0.39
may have caused our number to be underestimates.
Overall, our estimates are broadly consistent with
the estimate by Kim & Koo (2003) of the total stel-
lar mass of high mass stars at about 700 M within
G5.89-0.39 based on Lyman continuum brightness
measurements.
G5.89-0.39 is towards the lower mass end of HII
regions previously studied in the X-ray. The pre-
vious studies have focused on much larger sys-
tems with established clusters of B and O stars
which generally have multiple HII components (e.g.
Blum et al., 1999; Moffat et al., 2002; Kno¨dlseder,
2003; Tsujimoto et al., 2006; Broos et al., 2007;
Kuhn et al., 2013). The comprehensive cata-
logue of Townsley et al. (2014) for example sum-
marised the X-ray sources from 11 massive SFRs
and 30 Doradus. Most of these SFRs have >1000
X-ray sources each of luminosity > 1030 erg/s. In
terms of X-ray source numbers so far revealed, the
grouping of UC HII regions in W49A (Tsujimoto
et al., 2006) and the embedded young stellar clus-
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ter GGD 27 (Pravdo et al., 2009) appear not too
dissimilar to G5.89-0.39.
5. Discussion of the Energetics of G5.89-
0.39 and its Potential Connection to
HESSJ1800-240B
Based on the un-absorbed luminosities inferred
by our X-ray observations, we can estimate the
combined kinetic power in G5.89-0.39, and hence
evaluate its potential link to the TeV gamma-
ray source HESSJ1800-240B. These power sources
would need to meet that of the gamma-ray source
which in the energy range 2 GeV to 3 TeV amounts
to about Lγ ∼ 1034 erg/s (Aharonian et al., 2008;
Hanabata et al., 2014).
An early B-type star with typical mass loss rate
M˙ ∼ 10−7M yr−1 and terminal wind velocity
v∞ ∼ 500km s−1 (Cesarsky & Montmerle, 1983;
Lozinskaya, 1992) would provide a wind luminosity
(Lw = 1/2M˙v
2
∞) ∼ 1034 erg/s. If we take the re-
solved 35 B-type stars in G5.89-0.39, and add the
residual X-ray emission as stars, G5.89-0.39 could
provide a total wind energy reaching ∼ 1036 erg/s.
In single stars, Weaver et al. (1977) has suggested
that up to 20% of the wind energy could be trans-
ferred to kinetic energy. The additional scenarios
discussed in §1 involving stellar wind interactions
in binary systems and/or in stellar clusters are also
potentially involved. The protostellar outflow at
the centre of G5.89-0.39B in particular, is well-
known to have high energetics for such an object
(Sollins et al., 2004; Watson et al., 2007) at over
3.5 × 1046 erg or > 1035 erg/s over its dynamical
lifetime of up to ∼ 104 yr. We should also note
the maser tracers (e.g. CH3OH) detected towards
G5.89-0.39A and our X-ray source #20 about 0.1◦
north-west of G5.89-0.39B (Nicholas et al., 2012)
(see Fig. A.7) signal the ongoing presence of high
mass star formation in several regions in our Chan-
dra field of view and hence their potential to har-
bour protostellar outflows and winds.
All of these sources of kinetic energy could poten-
tially set up multiple shocks which could then inject
and accelerate cosmic-rays and electrons. Assuming
the canonical 10% of kinetic energy is transferred
into accelerated particles (as per the paradigm for
diffusive shock acceleration applied to SNRs), there
is perhaps sufficent kinetic energy to power at least
parts of the gamma-ray source HESSJ1800-240B.
Concerning the type of particles responsible for the
gamma-ray emission, the clear spatial overlap of the
molecular gas and gamma-rays from HESSJ1800-
240B strongly favours multi-TeV cosmic-rays as the
preferred parent particles. Here, the cosmic-rays
collide with the gas, creating gamma-rays from the
decay of pi◦ particles produced in these collisions.
The alternative (or additional) avenue is via
multi-TeV electrons, which would involve X-ray
synchrotron emission on the magnetic fields in the
region, plus inverse-Compton emission in the TeV
gamma-ray band (up-scattering soft photon fields
such as the cosmic microwave background and lo-
cal IR emission). The great difficulty in fitting the
broad GeV-TeV gamma-ray spectra of HESSJ1800-
240B and the other gamma-ray sources surround-
ing the W28 SNR with electron-dominated models
(e.g. Fujita et al., 2009) is seen as further evidence
for a cosmic-ray dominance. The lack of any evi-
dence for non-thermal X-ray emission, probing for
TeV electrons, in our Chandra observations would
seem to support this. Given the likely dominance of
thermal hot gas as the source of any extended X-ray
emission in between the massive stars, this does not
completely rule out the possibility of non-thermal
emission.
Whether the accelerated particles actually reach
the necessary multi-TeV energies is another ques-
tion. Gusdorf et al. (2015) have recently looked
at the potential for particle acceleration in the in-
ner regions (<0.05 pc) of G5.89-0.39B. They con-
cluded that maximum particle energies may be of
order 5 GeV, too low to explain any TeV gamma-ray
emission if acceleration is directly governed by pro-
tostellar outflows. However, Gusdorf et al. (2015)
and several other studies (e.g. Domingo-Santamar´ıa
& Torres, 2006; Bosch-Ramon et al., 2010; Araudo
& del Valle, 2014; Padovani et al., 2016) have sug-
gested scenarios involving the fast stellar winds
from central stars driving the outflows or that of
several other nearby massive stars are likely to pro-
vide the ideal conditions for cosmic-rays to reach
TeV energies. Given the young age of G5.89-0.39
(< 106 yr), we may not realistically expect any ad-
ditional particle acceleration due to so far unde-
tected SNRs and/or pulsars within this HII com-
plex.
Moreover, within HII regions, electron ener-
gies are expected to be limited to GeV energies
by the strong synchrotron losses in the intense
magnetic fields (of order 1 mG as determined by
Tang et al. (2009) for G5.89-0.39B), and inverse-
Compton losses on the intense IR and optical/UV
photon fields. The latter in fact may dominate over
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synchrotron losses (e.g. Reimer et al., 2007). The
same radiative losses for electrons would also limit
the size of any synchrotron X-ray and gamma-ray
inverse-Compton emission to the inner sub-parsec
regions of the HII regions. Unfortunately, probing
such GeV electrons via non-thermal radio emission
is often difficult due to the generally overwhelm-
ing dominance of thermal radio emission, and via
GeV gamma-rays since the angular resolution of
such measurements (FWHM ∼30–60 arc-minutes
between 1-10 GeV for Fermi-LAT) is well beyond
the size scale of many HII regions.
In view of our results that now provide firm es-
timates of the stellar content and the X-ray energy
budget in both HII region components of G5.89-
0.39, these particle acceleration and gamma-ray
production models can now be revisited with more
precise inputs. At present the best gamma-ray an-
gular resolution (FWHM ∼10 arc-min via H.E.S.S)
is insufficient to distinguish potential gamma-ray
components within HESSJ1800-240B. Higher reso-
lution gamma-ray imaging on arc-minute scales to-
wards HII regions such as this, with the forthcom-
ing Cherenkov Telescope Array (Bednarek, 2013),
will greatly help in determining if there are any lo-
cally produced gamma-ray components in this re-
gion that may be generated by G5.89-0.39. Impor-
tantly, arc-minute gamma-ray resolution in partic-
ular will be able to exploit the energy-dependent
diffusion of cosmic-rays and electrons from acceler-
ation regions through dense molecular gas, which
could impart rather specific gamma-ray spectral
profiles across it (see e.g. Gabici et al. (2007);
Maxted et al. (2012) for a discussion).
6. Conclusions
We have used the Chandra X-ray observatory
to reveal the stellar content of the HII complex
G5.89-0.39 found towards the gamma-ray source
HESSJ1800-240B and dense molecular gas. The
conclusions from our work are as follows.
Using the ACIS-I CCD array, our observation
(∼78 ks) reveals 159 resolved X-ray sources across
the field of view. 35 of these X-ray sources are found
within the infrared-defined boundaries (0.8 pc and
0.4 pc radii) of the two components of G5.89-0.39A
and B. Of these 35 sources, 22 are associated with
the HII region G5.89-0.39A and 13 are associated
with ultra-compact HII region G5.89-0.39B. The
unabsorbed X-ray luminosities (0.1-2 keV) of the
sources associated with the HII regions are of order
1030.5 erg/s suggesting they are early B-type stars,
with several higher luminosity sources being possi-
ble O-type stars. Their stacked energy spectra is
well-fit with a single thermal plasma APEC model
with kT∼5 keV, metal abundance 0.35 Z and col-
umn density NH = 2.6× 1022 cm−2 (AV ∼ 10).
We have also identified a possible X-ray coun-
terpart to the suggested ionising source in G5.89-
0.39B known as Feldt’s star. Its unabsorbed lumi-
nosity (0.1-2 keV) of ∼ 6 × 1029 erg/s is suggestive
of a B7-B5 star, consistent with the lower limit on
spectral type determined by Feldt et al. (2003). Al-
lowing for an underestimate in the column density
towards the centres of the HII regions (due to it
being determined over a wide area using stacked
source spectra), the luminosities and spectral types
for some of the resolved sources are also possibly
underestimated.
The residual (source-subtracted) X-ray emission
encompassing G5.89-0.39A and B out to their
boundaries was also examined and found to be
about 30% and 25% larger than their respective
stacked source luminosities. Assuming this residual
emission is from unresolved stellar sources, the to-
tal B-type-equivalent stellar content in G5.89-0.39A
and B would be about 75 stars. These estimates are
consistent with the total mass of high mass stars of
about 700 M determined by Kim & Koo (2003).
The potential stellar population could provide
wind energies reaching ∼ 1036 erg/s. Factoring
in efficiencies for converting wind energy into ac-
celerated particles, this could account for a part
of the GeV to TeV gamma-ray emission in the
source HESSJ1800-240B. Future arc-minute res-
olution gamma-ray imaging of this region with
the Cherenkov Telescope Array (Vercellone, 2014)
could help to reveal and disentangle potential
gamma-ray components powered by the G5.89-0.39
HII complex.
The HII Complex G5.89-0.39 is at the lower end
of total embedded stellar mass for the population
of HII regions studied in X-rays. Previous studies
such as Blum et al. (1999); Moffat et al. (2002);
Kno¨dlseder (2003); Tsujimoto et al. (2006); Broos
et al. (2007); Kuhn et al. (2013); Townsley et al.
(2014) found the number of O-Type stars to be
much greater than the number we have identified
for our region. Townsley et al. (2014) found some
SFRs with > 1000 X-ray sources. However G5.89-
0.39 does appear similar to the UC HII regions in
W49A (Tsujimoto et al., 2006) and young stellar
cluster in GGD 27 (Pravdo et al., 2009). Our study
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of the stellar census of G5.89-0.39 paves the way
for a more detailed consideration of the potential
for multi-TeV particle acceleration.
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Appendix A. Comparisons with Mopra
CH3OH-I Maser and CS(1-0)
Line Emission
Here, Fig. A.7 compares the ACIS-I image with
Mopra observations (Nicholas et al., 2012) of the
CH3OH-I Maser 44.1 GHz and CS(1-0) 49.0 GHz
spectral line emission.
Appendix B. Counterparts to X-ray Sources
A total of 90 of the identified X-ray sources have
possible counterparts in the SIMBAD database or
the 2MASS point source catalogue. Table B.7 and
B.8 summarises the possible counterparts to these
X-ray sources.
Appendix C. Kα emission line evidence in
background regions
Figure C.8 presents the G5.89-0.39A+B com-
bined residual energy spectrum without back-
ground subtraction, and the raw energy spectrum
of the background regions as shown in Figure D.9.
Both spectra reveal the 9.7 keV fluorescence line
attributed to Au Lα generated within the telescope
to which can become dominant for high background
to source area ratios for extended regions such as
this. The spectra also show the presence of a peak
around 6.7-7 keV where we would expect the Kα
emission line to be present. The emission line is
present in both the source and background spectra
indicating that it is most likely due to the GDXE
and not a localised source in the HII complex.
Appendix D. Background regions for Unre-
solved sources
Figure D.9 indicates the regions extracted to ob-
tain an average background count for the calcula-
tion of possible unresolved sources in G5.89-0.39,
see §4.
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Figure A.7: ACIS-I images (counts/pixel/cm2/sec) with contours of: (Top) CH3OH-I 44.1 GHz from 1 to 6
K km/s in 6 levels (red) integrated from 0 to 15 km/s; (Bottom) CS(1-0) 49.0 GHz from 2 to 28 K km/s in
14 levels (magenta) integrated from -5 to 25 km/s. In both panels the locations of G5,89-0.39A, B, X-ray
source #10 (Feldt’s star) and source #20 are shown.
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Source # Possible Counterpart Distance† Source
Identifier (arcsec) type
1 2MASS J18001954-24080021 4.76 IR source
5B 2MASS J18003463-24042571 0.69 IR source
6B [BE83] IR 005.88-00.402 2.67 IR source
7B 2MASS J18002972-24040981 0.35 IR source
8B 2MASS J18004112-24040871 0.34 IR source
10B 2MASS J18003084-24040462 0.44 IR source
15A 2MASS J18004027-24030811 0.36 IR source
16 2MASS J18003272-24030631 0.42 IR source
17 2MASS J18002914-24030031 0.35 IR source
19 2MASS J18003754-24025141 0.39 IR source
23 2MASS J18001000-24012921 0.61 IR source
24 2MASS J18003031-24012321 0.10 IR source
27 2MASS J18001685-24003021 0.32 IR source
30 2MASS J18003184-23593961 0.49 IR source
32 2MASS J18001725-24074981 5.29 IR source
35 2MASS J18002959-24054441 0.33 IR source
36A 2MASS J18003932-24053101 1.33 IR source
37 2MASS J18003094-24053101 0.16 IR source
38 2MASS J18001986-24052541 0.22 IR source
39 2MASS J18004797-24052011 0.97 IR source
46A 2MASS J18004084-24045441 0.21 IR source
48 2MASS J18003595-24044231 0.48 IR source
51A 2MASS J18004191-24043591 0.43 IR source
52 2MASS J18001169-24042881 0.90 IR source
54 2MASS J18001814-24042201 1.02 IR source
57A 2MASS J18003870-24041691 0.33 IR source
58A 2MASS J18004080-24041611 1.17 IR source
62B 2MASS J18003033-24040051 0.19 IR source
[HBI2008] SMA14 0.60 sub mm source
[BE83] Maser 005.89-00.392 0.94 OH/IR star
70B 2MASS J18003148-24034581 0.56 IR source
71 2MASS J18001263-24033071 0.77 IR source
72 2MASS J18004706-24032241 0.51 IR source
73A 2MASS J18004242-24031651 1.14 IR source
74A 2MASS J18004383-24031491 2.20 IR source
75 2MASS J18000789-24030241 0.21 IR source
Table B.7: Possible counterparts from SIMBAD or 2MASS point source catalogue within 2∗PSF of numbered
X-ray sources. Correlation with non point like objects have been excluded. † - Distance between centroid of
X-ray source identified by wavdetect and central position of possible counterpart as defined in the SIMBAD
database or 2MASS point source catalogue. A- identified within G5.89-0.39A, B- identified within G5.89-
0.39B. 1 - Cutri et al. (2003) 2MASS All Sky Catalog of point sources. 2 - Braz & Epchtein (1983) Catalogue
of non stellar molecular maser sources and their probable infrared counterparts. 3 - Benjamin et al. (2003)
GLIMPSE. I. An SIRTF legacy project to map the inner galaxy. 4 - Hunter et al. (2008) Subarcsecond
submillimeter imaging of the ultracompact H II region G5.89-0.39.
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Source # Possible Counterpart Distance† Source
Identifier (arcsec) type
76 2MASS J18004212-24024831 0.23 IR source
84 2MASS J18000643-24011941 0.58 IR source
86 2MASS J18000833-23595661 0.49 IR source
88 2MASS J18001762-23584911 1.00 IR source
89 2MASS J18002465-23584491 0.37 IR source
90 2MASS J18003257-23582231 0.36 IR source
91 2MASS J18000933-23575781 0.52 IR source
92 2MASS J18003562-23575041 0.60 IR source
93 2MASS J18001437-23574401 1.12 IR source
94 2MASS J18003032-23561601 1.87 IR source
95 2MASS J17595181-23545171 0.31 IR source
96 2MASS J18003898-24092221 1.48 IR source
97 2MASS J18002019-24081651 0.85 IR source
98 2MASS J18003099-24075981 0.81 IR source
100 2MASS J18001606-24072271 0.12 IR source
101 2MASS J18004477-24063021 1.06 IR source
102 2MASS J18004267-24063001 2.89 IR source
103 2MASS J18003991-24061221 1.45 IR source
105 2MASS J18004731-24045271 0.86 IR source
107 2MASS J18005012-24043251 1.44 IR source
109A 2MASS J18004132-24042161 1.51 IR source
110B 2MASS J18003071-24042251 0.09 IR source
111 2MASS J18000865-24040681 0.21 IR source
112 2MASS J18005269-24035331 3.88 IR source
113 2MASS J18004630-24032051 0.86 IR source
114 2MASS J17595858-24032011 6.18 IR source
116 2MASS J18001396-24030541 1.71 IR source
118 2MASS J18010006-24013961 2.76 IR source
119 2MASS J18000012-24012491 0.56 IR source
121 2MASS J18000857-24000961 3.49 IR source
122 2MASS J18005120-24000891 0.76 IR source
123 2MASS J18004946-23594071 1.19 IR source
125 2MASS J18000812-23592151 0.80 IR source
126 2MASS J18000907-23583711 0.24 IR source
128 2MASS J18003375-23573861 0.64 IR source
129 2MASS J18001900-23564981 0.45 IR source
130 2MASS J18001620-23562151 6.72 IR source
SSTGLMC G005.9677-00.28103 1.05 young stellar object candidate
Table B.8: (continuation of Table B7) Possible counterparts from SIMBAD or 2MASS point source catalogue
within 2 ∗ PSF of numbered X-ray sources. Correlation with non point like objects have been excluded.
† - Distance between centroid of X-ray source identified by wavdetect and central position of possible
counterpart as defined in the SIMBAD database or 2MASS point source catalogue. A- identified within
G5.89-0.39A, B- identified within G5.89-0.39B. 1 - Braz & Epchtein (1983) Catalogue of non stellar molecular
maser sources and their probable infrared counterparts. 2 - Cutri et al. (2003) 2MASS All Sky Catalog of
point sources. 3 - Benjamin et al. (2003) GLIMPSE. I. An SIRTF legacy project to map the inner galaxy.
4 - Hunter et al. (2008) Subarcsecond submillimeter imaging of the ultracompact H II region G5.89-0.39.
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Source # Possible Counterpart Distance† Source
Identifier (arcsec) type
131 2MASS J17595931-23555901 2.66 IR source
132 2MASS J18003710-23555631 2.28 IR source
133 2MASS J18000275-23551461 1.56 IR source
134 2MASS J18001661-23544341 3.18 IR source
135 2MASS J18000580-24105321 1.90 IR source
136 2MASS J18001891-24101421 1.34 IR source
137 2MASS J18004399-24083801 2.55 IR source
138 2MASS J18001569-24080571 5.47 IR source
139 2MASS J18002719-24073811 0.93 IR source
141 2MASS J18005601-24064721 1.53 IR source
142 2MASS J17595303-24061601 2.18 IR source
143 2MASS J17595369-24052821 1.89 IR source
144 2MASS J17595633-24035631 2.81 IR source
145 2MASS J17595847-24033041 3.23 IR source
146 2MASS J18005565-24030201 2.10 IR source
147 2MASS J18012609-24010991 1.05 IR source
148 2MASS J18004417-23575181 1.46 IR source
149 2MASS J17595956-23562551 2.67 IR source
150 2MASS J18002106-23561451 3.20 IR source
151 2MASS J18000452-23555871 0.94 IR source
152 2MASS J18000800-23553191 1.24 IR source
153 2MASS J18001137-2354403 1 3.25 IR source
155 2MASS J18011521-24101461 4.56 IR source
156 2MASS J18005936-24044671 3.55 IR source
157 2MASS J17595345-24044391 0.66 IR source
159 2MASS J18005257-24041331 0.26 IR source
Table B.9: (continuation of Table B8) Possible counterparts from SIMBAD or 2MASS point source catalogue
within 2 ∗ PSF of numbered X-ray sources. Correlation with non point like objects have been excluded.
† - Distance between centroid of X-ray source identified by wavdetect and central position of possible
counterpart as defined in the SIMBAD database or 2MASS point source catalogue. A- identified within
G5.89-0.39A, B- identified within G5.89-0.39B. 1 - Braz & Epchtein (1983) Catalogue of non stellar molecular
maser sources and their probable infrared counterparts. 2 - Cutri et al. (2003) 2MASS All Sky Catalog of
point sources. 3 - Benjamin et al. (2003) GLIMPSE. I. An SIRTF legacy project to map the inner galaxy.
4 - Hunter et al. (2008) Subarcsecond submillimeter imaging of the ultracompact H II region G5.89-0.39.
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Figure C.8: Black points: Energy spectrum of G5.89-0.39A+B with no background subtraction, minus the
35 identified sources. Red points: Energy spectrum of the background regions as indicated in Figure D.9.
Both spectra are normalised by ratios of their angular area, effective area, and exposure times.
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Figure D.9: FoV of Chandra observation. White circles indicate the regions extracted as background regions.
Green dashed squares indicate the Chandra CCDs. Green dashed circles indicate the HII regions G5.89-
0.39A and B.
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Appendix E. Table of Source Data
Description of each column present in Table E.10:
Table of Sources and Their Values.
1. Source # - identifier used for each source iden-
tified through wavdetect and determined to be
a significant source. Listed in order detected.
2. RA - Right Ascension position of centre of
source identified, in degrees (J2000).
3. Dec - Declination position of centre of source
identified, in degrees (J2000).
4. Net Counts 0.3-10 keV - The net number of
photon events in the full energy range within
the region defined for the source.
5. Net Counts 0.3-2.5 keV - The net number of
photon events in the soft energy range within
the region defined for the source.
6. Net Counts 2.5-5 keV - The net number of pho-
ton events in the medium energy range within
the region defined for the source.
7. Net Counts 5-10 keV - The net number of pho-
ton events in the hard energy range within the
region defined for the source.
8. Photon Flux [photons/ cm−2 s−1] - Calculated
over 0.3-10 keV energy range.
9. Energy Flux [erg cm−2 s−1] - Calculated over
0.3-10 keV energy range.
10. Observed Luminosity [erg s−1] - Observed lu-
minosity as defined in §3.3. Calculated over
0.3-10 keV energy range.
11. Un-absorbed Luminosity [erg s−1] - As defined
in §3.3. Calculated over 0.3-10 keV energy
range. Only sources identified within the HII
complex.
12. Chandra ID - Chandra Discovered Source
Name. CXO (Chandra X-ray Observatory)
13. Source Variability Index - 0-2 not variable, 2-5
possibly variable, ¿6 definitely variable.
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Table E.18: Table of Identified Sources - Continued
Source # RA Dec Source Variability Index
degreesdegrees
(1) (2) (3) (13)
1 270.08 -24.134 0
2 270.142-24.098 6
3 270.144-24.077 5
4B 270.129-24.077 2
5B 270.144-24.074 7
6B 270.128-24.071 0
7B 270.124-24.069 0
8A 270.171-24.069 0
9B 270.131-24.068 6
10B 270.129-24.068 1
11 270.089-24.067 1
12B 270.118-24.066 1
13B 270.127-24.062 2
14 270.115-24.059 0
15A 270.168-24.052 6
16 270.136-24.052 9
17 270.121 -24.05 1
18 270.143-24.049 6
19 270.156-24.048 1
20 270.056-24.032 1
21 270.18 -24.03 2
22 270.128-24.026 8
23 270.042-24.025 0
24 270.126-24.023 0
25 270.177-24.022 0
26 270.141-24.015 0
27 270.07 -24.008 2
28 270.135-24.008 0
29 270.13 -24.002 0
30 270.133-23.994 7
31 270.091-24.142 2
32 270.072 -24.13 2
33 270.136-24.102 0
34 270.106 -24.1 0
35 270.123-24.096 0
36A 270.164-24.092 1
37 270.129-24.092 2
38 270.083 -24.09 1
39 270.2 -24.089 7
40 270.152-24.088 1
A - Source identified in the conventional HII
region, G5.89-0.39A
B - Source identified in the UC HII region,
G5.89-0.39B
Table E.19: Table of Identified Sources - Continued
Source # RA Dec Source Variability Index
degreesdegrees
(1) (2) (3) (13)
41 270.115-24.088 0
42 270.108-24.085 9
43A 270.164-24.085 6
44A 270.178-24.085 7
45 270.117-24.082 0
46A 270.17 -24.082 0
47 270.142-24.079 0
48 270.15 -24.079 7
49B 270.125-24.077 7
50B 270.137-24.077 2
51A 270.175-24.077 0
52 270.049-24.075 1
53A 270.176-24.074 0
54 270.075-24.073 2
55A 270.177-24.072 0
56A 270.179-24.072 8
57A 270.161-24.071 2
58A 270.17 -24.071 0
59A 270.176-24.071 0
60A 270.164 -24.07 2
61A 270.181-24.068 0
62B 270.126-24.067 0
63 270.05 -24.066 0
64 270.076-24.065 2
65A 270.155-24.065 1
66B 270.133-24.064 2
67 270.084-24.064 2
68A 270.167-24.064 2
69A 270.18 -24.064 0
70B 270.131-24.063 0
71 270.053-24.059 7
72 270.196-24.056 6
73A 270.177-24.054 6
74A 270.182-24.054 0
75 270.033-24.051 6
76 270.176-24.047 0
77 270.174-24.032 2
78 270.061-24.032 1
79 270.06 -24.031 1
80 270.178 -24.03 0
A - Source identified in the conventional HII
region, G5.89-0.39A
B - Source identified in the UC HII region,
G5.89-0.39B
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Table E.20: Table of Identified Sources - Continued
Source # RA Dec Source Variability Index
degreesdegrees
(1) (2) (3) (13)
81 270.068-24.028 0
82 270.065-24.025 5
83 270.062-24.023 0
84 270.027-24.022 8
85 270.179-24.019 2
86 270.035-23.999 1
87 270.048 -23.99 0
88 270.073-23.981 0
89 270.103-23.979 0
90 270.136-23.973 0
91 270.039-23.966 0
92 270.149-23.964 0
93 270.06 -23.962 0
94 270.127-23.938 0
95 269.966-23.914 0
96 270.163-24.156 0
97 270.084-24.138 0
98 270.129-24.133 0
99 270.151-24.127 6
100 270.067-24.123 0
101 270.187-24.108 0
102 270.178-24.108 7
103 270.166-24.103 0
104 270.084-24.099 0
105 270.197-24.081
106A 270.18 -24.081 0
107 270.209-24.075 0
108B 270.135-24.075 0
109A 270.173-24.073 0
110B 270.128-24.073 2
111 270.036-24.069 2
112 270.221-24.065 0
113 270.193-24.056 1
114 269.995-24.054 0
115 270.058-24.052 2
116 270.192-24.039 0
117 270.035-24.036 0
118 270.25 -24.028 0
119 270.001-24.024 1
120 270.056-24.021 0
A - Source identified in the conventional HII
region, G5.89-0.39A
B - Source identified in the UC HII region,
G5.89-0.39B
Table E.21: Table of Identified Sources - Continued
Source # RA Dec Source Variability Index
degreesdegrees
(1) (2) (3) (13)
121 270.037-24.003 0
122 270.213-24.002 1
123 270.206-23.995 1
124 270.154 -23.99 2
125 270.034-23.989 1
126 270.038-23.977 1
127 270.063-23.968 2
128 270.141-23.961 0
129 270.079-23.947 0
130 270.066-23.941 0
131 269.996-23.933 0
132 270.154-23.932 0
133 270.011 -23.92 0
134 270.069-23.913 0
135 270.024-24.181 0
136 270.078-24.171 0
137 270.184-24.143 1
138 270.067-24.135 0
139 270.114-24.127 0
140 270.049-24.123 2
141 270.234-24.113 0
142 269.971-24.105 1
143 269.974-24.091 2
144 269.984-24.066 0
145 269.995-24.058 0
146 270.232 -24.05 0
147 270.358 -24.02 0
148 270.184-23.964 0
149 269.999-23.941 0
150 270.088-23.936 0
151 270.019-23.933 1
152 270.033-23.925 2
153 270.048 -23.91 2
154 270.196-24.176 7
155 270.314-24.172 0
156 270.248 -24.08 0
157 269.973-24.079 7
158 269.959-24.019 0
159 270.219 -24.07 0
A - Source identified in the conventional HII
region, G5.89-0.39A
B - Source identified in the UC HII region,
G5.89-0.39B
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